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The effects due to the weak interaction between the conduction electrons and the lattice nuclei in external magnetic field are 
considered. It is shown that the continuous current arises under the influence of the rotating magnetic field. 

I. Introduction 

The parity nonconservat ion effects due to the 
interaction o f  the weak neutral current o f  electrons 
and nuclei in atoms, molecules and crystals have been 
extensively discussed recently (see, e.g., ref. [ 1 ]). In 
particular, in ref. [2] the possibility was discussed 
that allowance for the weak interaction between the 
conduction electrons and the lattice nuclei in a metal 
located in an external constant magnetic field should 
lead to the appearance of  the continuous current. This 
conclusion, however, was incorrect and in ref. [3] it 
was shown that only instantaneous current may arise 
in this situation. In the present paper we show that 
the continuous current arises under the influence o f  
the rotating magnetic field. 

2. Effective hamiltonian 

The effective operator for the weak interaction 
between the electron and the lattice nuclei is 

Gh 2 
I:Iw= xf~mc2 ZgS[p, ~ g ( r -a )  l+ . (1) 

Here m, S, r are the mass, spin and coordinates o f  
the electron, Z, a are the charge and coordinates of  
the nucleus, G is the Fermi constant, g is the 
Salam-Weinberg constant, ~ is the operator of  elec- 
tron momentum.  In (1) we have discarded the 
nuclear-spin-dependent part o f  the interaction which 

gives a minor  contribution to the current. The sum- 
mation in (1) is over all the nuclei in a crystal. 

In the presence of  an external magnetic field the 
operator/J in ( l )  should, on the basis ofgauge-invar- 
iance considerations, be replaced by/~ + (e/c)A, where 
e =  - I e I is the electron charge, A is the vector poten- 
tial of  the external field. 

The operator (1) describes the contact interaction 
between the electron and the lattice nuclei. It is con- 
venient to replace (1) by an effective, "diffused" 
throughout the crystal, interaction, which we deter- 
mine by the condition 

< q/I/tw I~u> = <~u [/~w I ~u>. (2) 

Here ~, is the wavefunction of  the electron in a 
crystal. 

Then the total nonrelativistic hamiltonian for the 
conduction electron in a crystal with the required 
accuracy may be presented in the form: 

f I=p2 / 2 m - e V +  fls , (3) 

P= /~+  (e /c)d + QS,  (4) 

I21s = ( e/mc) ~/F. S= lzs~" S , (5) 

where V is the total electrostatic potential. The con- 
stant Q is determined by (2):  

Q= (x~Gh2Zg/c2)l U,x(O)1 2 , (6) 

where U,x(r) is the periodical part (normalized in 
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the unit-cell-volume) of the Bloch wavefunction, a 
is the band number, K is the quasimomentum. 

3. Effective force and the expression for the current 

For the computation of the electron velocity b and 
the force/~ acting on the electron we use the formulae 

b=i '=  ( ilh )[ /4, r] = P / m  , (7) 

P = m ~ = ( i / h  )[I21, P] . (8) 

The evaluation of the commutators in (8) yields 

P= - e g + l & J t g x P + # ~ Q a c g x S - l z ~ V  (arg.S) . (9) 

Here the first term represents the usual electro- 
static force ( 8 = - V V) which is equal to zero in the 
absence of the external electric field, the second term 
represents the Lorentz force, the third term is the P- 
odd force, considered in refs. [2,3]. The fourth term 
in (9) appears only in the case of the inhomoge- 
neous field. 

Using the Boltzmann equation [4] we obtain by 
usual method the expression for the current [2] 

i= a , ( 1 / h  ) ( S )  × OF, (10) 

where 

a . = (psh/e)Qae~ , (1 1 ) 

and ae. is the usual electrical conductivity. Here we 
assume that all the conduction electrons have 
unpaired spins. This assumption is valid, when 
kT~l~sY(, i.e., for T~ 10 K, Y¢~ 10 50e.  

The parity nonconservation effects increase when 
the nucleus charge Z increases (see, e.g. ref. [1]), 
therefore they will be the largest for the heavy atoms. 
Noting, that only ns-electrons contribute to [ u~x(0) 12 
and using the statistical-model estimate for the elec- 
tron density on the nucleus, we obtain a,, ~ 10 %re. 

[21. 

4. Rotating magnetic field 

Let us consider the rotating magnetic field and 
assume that vector ( S )  behaves as a classical mag- 
netic moment with constant absolute value. For the 
description of the motion of this moment in the 

magnetic field we use the Landau-Lifshitz equation 

[51: 

1 
<s> =0)0 ( s )  xh+ ~ ( s )  x ( ( s )  xh),  

(12) 

where h=g/gL~, S = I  ( S )  I, 0 ) o = e ~ / m c  (Larmor 
frequency), r m ~ 1 0-  9 S ( magnetic relaxation time). 
Let 

hx=cos0) t ,  h~=sin0)t ,  h : = 0 ,  (13) 

where 0) is the field rotation frequency. The solution 
of the eq. (12) in accordance with (10) gives the 
constant current component: 

i= = s i n  0 sin ~0 a . J { ,  (14) 

where 

cos O=0)oZm tg~0, (15) 

2 2 [ 1 + ~m(O)O +0) 2) --7] 1/2 

tg ~o = - [1+  rm(0) 0 2  2 _ _ ( . 0 2 )  ..~_ ~.] 1/2 ' (16) 

and 

7 = [ 1 __ 2.t-era(o)2 2 4 -0)0) +rm (0)2 +0)2)2] I/2 (17) 

Let us consider the sample in the magnetic field 
~ 105 Oe, rotating with the frequency 109 s- ~. Then 
0)o= 1030). Introducing the effective intensity of the 
extraneous force field 

E ~ -  a.. 1 
o~ h ( S )  xacg, (18) 

and assuming the length of the sample != 1 cm, we 
obtain the extraneous electromotive force I1 eff v e x  t = 

ef t  ~ 12 Ecxtl~ 10 V. 
The considered direct current will be much smaller 

than the alternating current, appearing due to elec- 
tromagnetic induction. If  the magnetic flux is 1 0 70e  
cm e, we have eft ~ 10-~9. Uext/Uind The alternating cur- 
rent may be, however, strongly damped with the help 
of the frequency filter (see fig. I ). Assuming L = 1 0 2 

Uind = V, i.e. less than H, C= 1 F, we obtain AU 10- 13 
e l f  ~ 12 Uex t ~ 10- V. 
After this work was finished, a paper [ 6 ] came to 

our attention, where the galvanomagnetic effects in 
conductors of electricity due to the weak interactions 
were also investigated. In ref. [6] the absence of the 
continuous current in the constant magnetic field was 
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Fig. 1. 

stated and the case of alternating magnetic field was 
discussed. The conclusions in ref. [6] in main fea- 
tures are similar to ours. 
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